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Conference system. 



■3 The present invention relates to a distributed ooieci-oac^r^ -nn,. 

spilt ,n,p clien, and server components .see Figure ?> Ea°h ''""^ ^'^ 

server Object component. By copying client ob,ec! -omon'n ' '° associated 

to me relevant server-ot,,ect componU T i e^ " " " ' 

sy^'em 's^'^'e 'S described ,n the context of a distributed conferencing 
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The present invention relates to a d.str.butec computer svstem and relates particularly but not 
exclusively. lo a multimedia distributed cbiect-based conference system 

The object-based aooroach to system develoomeni becoming /veii-estabi.shed The Dasic idea is to 
program the system m terms of software obiects. each having us own data and methods for ooeraimg on 
the data. Obiects intercommunicate by means of messages. An advantage m encapsulating data and 
metnods .n th,s way is that the resulting system is relatively easy to maintain and develop An example is 
NewWave Man (produced and sold by Hewiett-Packaro. which an obiect-based electronic mail applica- 
tions program in which messages anc message components, ^uct^ as text, distribution lists, etc are treated 
as obiects. 

An obiect can be regarded as a discrete entity wmch can individually be moved, copied destroyed etc 
An obiect IS initially some data stored on d.sc or other medium if obiect management software w.snes to 
pass a message to -t. one or more processes w.il be imi-ated wh.ch read the data as part of imtialiia.ion if 
an ob,ect ,s fully defined by its data and has no processes associated w-th ,t. .t is sa.d to be -inactive ' if an 
ociect has one or more processes associated witn it and .s defined by the state ol that process or 
processes and data then it is said lo be "active". 

A distributed Obiect based system ,s one m .«hich several workstations are interconnected over a 
network and messages between ob.ects of tne system can be sent over the network. Ob,ects themselves 
may also be transmissible over the network A ner«ork may comprise several interconnected inteil.aeni 
workstations or a central computer connected to several terminals fworkstat-ons) or several interconnected 
server machines with intelligent workstations .-.onnected to each server, or a mixture o( these possibilities 
The term workstation" is intended to be applicable to aii of these possibilities 

in a distriDuted ob,ect based system there are benefits m splitting sharabie semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared obiect For example m 
the context of a distributed conferencing system a whiteboard obiect would have a semantic part defining 
the state of the object and a presentation part for defining the appearance of the obiect to be displayed to a 
user and for enabling the user to make input. Several users may have access to a presentation part for 
viewing the whiteboard obiect so that they can each mane contributions m a manner similar to a group of 
people clustered around a real whiteboa/d. 

The workstations may be arrangeo m a client-server arrangement with semantic object parts stored on 
server machines and presentation obiect parts stored on client machines. Alternatively, semantic obiect 
parts may be distnbuted around user machines on a network of intelligent workstations. 

According to the present invention we provide an obiect based distributed computer system comprising 
a network of workstations and means for transmitting obiects between workstations characten2ed by objects 
including a first object type for storing data and a second obiect type for presenting data to a user wherein 
obiects ol the second type reference an associated obiect of the first type to enable a plurality of use-s of 
workstations to access data ol the obiect of tbe first type, comprising means for transmitting an ob,ect of 
the second type between workstations thereby to create a reference to the associated obiect of the first 
type for each workstation receiving an object of the second type. 

The present invention provides an effective way of enabling further users to have access to a semantic 
Obiect part, either for the purpose of autonomous working or f-v the purpose of participating m a iomt 
activity. 

In the embodiment to be described, the system comprises means for copying an object of the spcond 
type between workstations. In that embodiment transmitted ob.ects of the second type include an identifier 
lor the associated obiect of the first type. 

The system according to the present invention may be m the form of a conferencing system comprising 
means enabling users of the workstations to participate m a meeting over the network wherein obiects of 
the first type store meeting data and objects of the second type are for presenting meeting data The 
invention also provides a method of convening a meeting using such a system comprising transmitting an 
Obiect of the second type between workstations thereby to create a reference to the associated object of 
the first type for each workstation receiving an object of the second type. 

It IS believed that poor communications are a major cause of the poor performance of distnbuted teams 
of people working on a given project. The present invention aavantageously provides an improved 
conference system for facilitating distributed meetings 

A particular embodiment of the present invention w.ii now be described, by way ol example, with 
reference to the accompanying drawings m which 

Figure 1 IS a diagram of a distributed system according to the present invention: 
Figure 2 shows the major components of a server ano workstation of the system: 
Figure 3 shows a voice and data network structure: 
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windows. 

A possible video network is shown m Figure 5 The v.-ieo network is based on a centra) video switch 54 
connected using a star topology to client '/vorks;at!cns C Video signals are modulated on to VHP earners 
and transmitted over standard analogue cabling 56. The video swttcn 54 is £ conventional cable television 
5 switch. Several sucn switches can oe cascaced m a bar arrangement for large systems. 

For long distance video communications, a device 58 for comQfessjng and decompressing vtoeo 
Signals (a 'coaec'*! may be used and the signals are transmitted usmg ISDN teiepncne lines 

The architecture of ihe obiect-based system lO will row t:e Jescnbed. 

With reference to Figure 6. the structure of one user's Dortion of the system is represented The 
■0 functions of 'he ooiects are as follows: 

a Venue object (V) ,s an electronic meeting place aiiowmg control over media channels and providing a 
location for storing shared obtects. A user may have several Venue obiects: 

a Phone Booth object fPB) controls the creation of Venue objects and oversees the setting up 
maintenance ana closing down of conferences. The PB composes a processor for handling .ncommq and 
■5 outgoing calls: 

a Connection Manager object (CMt controls dnver components lO ... 0„) which handle media 
connections for the system 10: 

.a Directory object (0) which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meeting-related function eg a 
?^ whiteboard function. 

Figure 6 IS a conceptual representation of the system lO and the arrows represent mter-objecl 
communication. In the emoodiment Demg described, the system comprises client workstations C and 
servers S ana most of the objects referred to m Rgurs 6 are functionallyspl.t mto a server component and 
one or more client components as indicated m Figure 7 

The server objects handle the centralized and distnbution - cnented aspects whereas the ci.ent objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In Figure 7. P8-S means a Phone Booth server object and PB-c means a Phone Booth client object, 
and so on. 

In this embodiment, the client obiects are implemented as NewWave objects le. several new classes of 
NewWave objects have been added: Venue objects. ROAIVt objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally spht objects runs cn an HP-UX server and the user 
interface runs cn MS-DOS NewWave client workstations 

The client workstations are each running an object-based system of the type descnbed m European 
:5 Patent Application No.339220A. the descnption of which is incorporated herein as Appendix A. Appendices 
A-D mentioned .n attached Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A descnbes how objects are linked together by parent-child links and how 
_ obiects can be copied. Ounng a copy operation the container of the oDject to be copied sends a message 
to the OMF28 asking the OMF28 to copy the relevant object and identifying the container object which .s to 
JO receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
mstructing it to insert the copy ooject as one of its Child objects. 

Mailing an object involves senahsing the object, transmitting it to its destination and desenalismg it. 
Serialising an object involves converting it to files, say DOS files, containing the data of the object and 
js information about its properties and its child objects. 

Sen/er objects are not linked by parent-child links in the manner m which client objects are so linked. 
All client objects contain a reference to their associated server object. Figure 3 snows the form of oata item 
60 used to name objects The data nem 60 ts an eight-Oyte array following the convention used for internet 
Protocol (IP) addresses The first 64 bits is a machine identifier M I 0 comprising a 32 bit server IP address 
5J ana a 32 btt machine IP address. For a server object the server IP address and tne machine IP aodress w.il 
be the same whereas for a client object these w.ii be different. If there «s only one domain per machine, the 
domain identifier 0 I D is zero. The object identifier O l 0 comprises a 32 bit generation count and a 16 bit 
tag. The i6 bit tag uniquely identifies the object within the relevant storage domain. Since tags are reusable 
when an object is deleted a generation count is used to ensure that each object is uniquely-named m time. 
55 The generation count is simply the time m seconds. 

When a client object is closed (inactive) it appears as an icon on a user's screen. The user opens the 
object by clicking on the icon Opening a client object causes it to seno a message to its associateo server 
obiect informing the server object that the client object is now active - e a Here Am I message. Until then. 
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Figure 4 shows video facilities for a citent workstatton. 
Figure 5 shows a video network structure. 
Figure 5 illustrates the mam objects m the system 

Figure 7 .tlustrates the funct»cnali/ split nature cf :he oo^ects >n the system 
Figure 8 shows the maior components of the sys:em -nrrastructure; 
Figure 9 shows a typical Veriue: 
Figure 10 shows a CoMedian directory: 

Figures 11-14 Hiustrate message sequences .'or system operations; 
'"igures 15-27 snow screens during a typical user session 

The ma.n components of a multcmeaia d,str:buteo --Diect-ha-ec! -nnf^ro.^.^ 
.nvention w.it first be descr.bed '-onferencing system according to the 

Flefernng [q Figure I a multimedia distr.buted nbiect-ha^^d -nn^^.^o 
cresen, .nven„on ,s ,na.ca,ea a. .0. The sysBm -0 comp ses "^^^^ ""'^'"^ '° 

ne,wo.. ,2 .ay be a ..Oe area networK ,WAN, or a ,cca. a7e neLT^r orim!'"? " 
•5 network ,MAN,, Chen. .orKs.ahons C are connec.ed ,o eacn of me s.,!^s S E^ch s.rl ^'^^ 
Servers S communicate w.,h each othe, b. openmn ..r.ual r^l'tlZ, I , ' ^ 

pr,nc:p.e. can, .o,ks!a.,ons C could commur^-ca^e d.rl- ' ^ " 

and therefore each Cent wor.sta„cn C has only one J ,ua7 channel 'oln n",'T'"' '^""'""^ 
. . c:,en, worKstanons to commun,ca.e w,th each other .a .erlers S ^ '° ^"'"^ 

.^c Referring to Figure 2. each server S comprises. 

hardware 14. such as an HP9000 300 HP-UX ..-.-.mputer ("P ,c . . 

Company): '• ^ "^acle mark oi Hewlett Packard 

operating system software 16, such as HP-UX software- 
Remote Obiect Access IWanaqer (ROAM) software 1 8 for m;,n:>^ 
-r.stat,cnsC connected ,0 the server Sand other servers on tfleneror^^^^^^ communications w.th cien. 
COM software 20 providing object management facilities: 
server otDiects 21 which are obiects to >->o eharc^ i-^. 

oo,ect parts .mentioned m the introducrlcn " "^'"^""'^ '° 

Each client workstation C comprises: 
30 hardware 22. such as an IBM-AT compatible PC: 

operating system software 24. such as DOS softwaie 

windowing software 26. such as MS Windows applications software 

an obiect management facility (OI^F) 28. such as a Standard NewWave Omp ,m» 

mark Of Hewlett-Packard Company used for a family of appSat.ons soflaVeT " ' 

3^ oDiects software 30. such as NewWave obiert<; ;»n^ . ^ . 

-or nandling communication with od,ec on o r .'r^o;^ rVJ'!^^^ TT ' 

presentation ob.ect parts mentioned ,n the .ntrodlctcn ' "''''"'^ '° 

• o.,ec?s^^-^r;^^r rcr^ufe ::::!;^c"oVt~ -^^^ '"'^^'^^ -^-^^ « 

.0 server S ' ^ °^ t.ansmitted over the network I2 via the associated 

The system 10 Dfovides multimedia facilities to uciiTC Pnr ^ . 

tacn ot the sites A and B comonsas a la/vj ann a i &ki\aiak, l. 
WAN ^ ^ '-'^^ ^'^'^ ''"'3<3e .nterconnecting the LAN with a 

In order to conduct conferences over a wider area PC servers 4:?=, ;»n.i ^ok 

= -™^™ ivrrj™, 
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Sutton Appearance 


Meaning 


No button 

White, unhighhghted 
Slack 

Red 


This person does not have this meaia channel available. 

The media channel is available, but not chosen for use. 

The media channel has been selected, but is mactive because the person 

ts not present ir. the Venue or the connection has not been connpleted yet. 

The media channel is oemg used. 



The lower portion of the Venue ts 'aken up by the shared object area 73. This- acts as a shared folder, 
storing objects on the server and making them accessible to all users of the Venue. Inactive oDjects are 
represented by an icon such as icon 38 m Figure 10. Objects m the shared object area T8 may oe citent 
objects e.g. Whiteboard client ooiects. or may be standard NewWave objects, it is possible to move objects 
into and out of the shared object area "3 of rhe Venue-ciient object Moving a functionally-spiit obiect such 
as a Whrreboard object tnto the shared object area 78 does not entail moving the Whiteboard-server object 
but just the Whiteboard-Oient object. The OMF28 msin.cts the Venue client object to insert the Whiteboard- 
client object as one of its children The Whiteboard-ciient object :s then senalised by the Venue-client 
object ana sent to the Venue-server object. The Venue-server object updates its other active Venue-ciient 
object with the news that a new Whiteboard object is available in the Venue and these Venue-client objects 
diSDiay the Whiteboard-client object icon m their snared object areas 78 accordingly. The Whtieboard- 
server object remains on whatever server ft was initially stored. Subsequent openmg of the Whiteboard 
object by any of the users cf the Venue cause a copy of the Whiteboard-ciient object to be senalised by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents of the WmteOoard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-client object remains on that machine for subsequent use. 

In contrast, if a NewWave object icon is moved into the shared object area 78 of a Venue-client object, 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server cbiect. The Venue-server object then instructs its other active 
Venue-ciieni objects to display the relevant NewWave object icon Subsequent opening of the Newwave 
obieci by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ana sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
object and changes which a user makes are not reflected m the copies held on the other users' machines. 
This ts a consequence of the non-functionaily split nature of NewWave obiects and is an impiementational 
feature rather than one which rs important to the present invention. 

There ts one Phone Booth server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creatton and activation of Venue 
client objects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
* with a directory 90 of oossibie meeting participants as shown m Figure 1 1 The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a m.edia selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out m the area 96. 

When a name is selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant appears m the area 94 as shown The media connections are selectable by 
checking the relevant boxes in ihe media selection area 96. Checking the box beside the name of the 
person in the area 94 adds that person to the list of Venue participants. In addition, the initials of the media 
options chosen (Phone. Video. Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-selected by Oe-checkmg the box beside the name of that person m the area 
94 Taking the Cancel option means that none of the cnanges made since the window for the directory 90 
was brought up will be implemented. The Convene option witi be described later. 

There is also a Connection fvlanager object on each server machine providing the facility to interconnect 
users using different mecia. The Connection Manager jbject handles the generic operations involved m 
establishing non-data interconnections. Drivers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching requests ounng use. The Connection f\4anager object 
performs the following services: 

maintains a list of media resources available m the system: 

- detects wnen resources fail 

- monitors resource Channel availability (te. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie usmg oifferent neoia: 
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. .ne state of .e o.,ect ano can ,.aKe ,npu, ,o -t' Z c.^"o ea^e u n'To aT^'" T ' ^'^^ 
server ooject. "^eguiari/ updates, and is upcared Oy. :he 

Figure 9 Jeoicrs the components involved m a tvn.r;*. ^ 

.:.en, ob,ec,s on ,.o ...erent c.en, .o..staoons C ann C ac"- rr.'"'" " ^"^^^^'^^ 

compr,s,pg comoonents identifying the rPiPvant ru^m .'o,- = ^ '"'""'^ ^aentif.er 

■0 n.-..e^ fo. Panicuia. ob.ect'on c.: i . T; ^-^^^ .o.,a,n ana a 

for Keeomg a record of what ob,ects are prec-ntiv' rrp n ob.ecrmanagement fachty ,OMF) 60 

routing. This ,s a srancard NewWave Ofy^F rZe , TT f"'',^"'^'"^"^" ^"<^ -n-er-obiect rr^essage 
i-aiicaily linked to each client obien CO nr^v.-i,nn l-. '"^"^^er library tCOMLie-C, 6i 

. other words, the COMLIB-C 6, haVbeen add^tn t '-•':t'ona.„y of a ROAM client ot,ect 62. in 

'.nctionally sp... ob.ects. Cor^r^ZTo: h^. h' .rSueTr: '""^ '^^ ^^^^ 

need to .no., the ob,ect identifiers of other oo.eas. - o. rno . ,o;at.ooJ " ^'^ 

.ent :nro.";c;^:ar,;:nd ^eU^rre^d;^:?:^^^^"' '-^''^ " ^^--^ --^e. 

^ S4 A server ob,ect n^anager Nbrar;TcOMUB.S 65 s c.'^car?'':': "^'^ ^^^'^^ 

access to the functionality of the o^a manage^en a- t; l^a hoam '"T '° ^"^^""^ 

When Client object CO- w,she< to seni ^ ! ^''l^"^' 66. 

Client obtect 62 passes the message to t e ROAM s'rv r '^^^-ri^.^^^^-^ — o^-ec SO. ,he ROAM 
server ob,ect SO Messages from the er.rer ot^ecTso 1 f '''''' "^"^^^ °" <° 

message .s to be sen. pe.ween ob.ec^ on e r rcOMlTesr '"V"' '"^""^^ " ' 

involving the ROAM server ob/ect 66 Messaaes arp L ! k 65 sends .t directly without 

<e,.er rhe,s ^a, b, ™a.° vl. " em ,0,^^, *^ , »"«P"»"g 
serve, oDieei •="'™ -orksianons to, a pan,cuiar venu. 

naJ^r:,,;°„.r,ra:;ar,r:ar,r;, :r,»': : -t ■= - - ™ 
...... Jiap'sTa « :™™'r„ r 7 - . 

me*a een„„ butons 86 The" S M ^,.1 " " " " "" "''""^ ana a ,0! „, 

ca. "rr^c' .r:;:rc:rs':,r °' - »« 
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workstation B to the Phone Booth server obiect PB-s. if me 'nvitation is accepted a Create Venue message 
(referenced 6) 'S sent from the Phone Booth server object PB-s to the Phone Booth client object PC-c 
which causes u to create a new Venue client object V-c on client workstation B involving sending a Here Is 
Parent message (referenced 7) to the new Venue - client object V-c' to notify a of the identity of the Venue 
5 server object v-s. The new Venue c!ient ociect V-c then sends a message (referenced 8) to the Venue 
server ODiect V-s requesting information about the contents of tne Venue. The reply from the Venue server 
object V-s IS referenced 9 m Figure 13. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as also to create a new Venue-chent ob/ect V-c on that -workstation and these messages are 
■ 0 referenced 10-13 m Figure 13. 

Finally, the Venue server object V-s sends a request (referencecl 14) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
media drivers accordingly (dotted line referenced 15). 

The users of client workstations A and B can then communicate asmg the newly created Venue 
'5 It IS also possible to convene an existing Venue by selecting the Convene option w.thm the Venue. 
This initiates a sequence of events whicn will be described with reference to Figure 14. Agam. a server 
machine S and two client workstations A and 8 are represented. 

The user selection of the Convene option ts referenced i »n Figure i 4. This causes the Venue client 
obiect V-c to £end a Convene Request message (referenced 2) to the Venue server object V-s which 
20 notifies the Phone Booth server object PB-s of tne convene reguest m a message referenced 3 which 
Identifies the intended meeting participants The Phone Booth server ooiect PB-s sends a Ring message 
^referenced 4) to the Phone Booth client objects PB-^: on the workstations of the intended meeting 
participants causing a dialogue box to be displayed on these workstations invdmg the users to partake in a 
meeting. When these users accept or decline the invitation this causes a reply message (referenced 5) to 
25 be sent from each Phone booth client object PB-c" to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to instruct (message referenced S) the Phone 
Booth client objects PB-c' to create new Venue client objects V-c on machines where a Venue c!tent object 
linked to the Venue server object V-s is not already stored. Such new Venue citent objects V-c" then sena a 
message {referenced 8) to the Venue server object V-s reauesnng information about the contents of the 
30 Venue so that the appropriate »cons can be displayed m the shared area 78 of Figure lO on the respective 
client workstations. The reply message containing' information aoout the contents of the Venue from the 
Venue server object V-s is referenced 9 m Figure 13. 

The Venue server object V-s then sends a request (referenced iO) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
^5 media dnvers (not shownj accordingly (dotted ime referenced in. The distributed meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option m NewWave Office 
^ (Figures 14-17 of Apoendix A). On opening the new Venue-cttem object a Venue-server object aiso needs to 
be created Figure 15 depicts the process. A server machine is indicated by S and a client workstation by 

^0 C. 

The act of opening the new Venue-ciieni object V-c causes it to send a message (referenced D to the 
Phone Booth client object PB-c which triggers a message (referenced 2) to be sent from the Phone Booth 
client object PB-c to the Phone Booth server object PB-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object PB-s creates a new Venue server otDject V-s using a Venue Start 
message (referenced 3). Next the new Venue-server object v-s sends a Here Is Parent message 
{referenced 4} to the Venue-chent object V-c containing the tO of the Venue-server object. The new Venue 
Client object V-c then sends a message (referenced 5; to the Venue server object V-s . requesting 
tnformation about the contents of the Venue and there -s a corresponding reply (referenced 6) from the 
Venue server object. 

50 It IS possible to add new meeting participants to an active Ven-je by selecting an Add New Member 
menu option. This causes a directory of potential particpants to be displayed as shown m Figure n to 
enable the selection of one or more further participants and associated media connections, tnformation on 
these choices is conveyed from the Venue client object to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 

55 change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option this causes a message to be sent 
from the relevant Venue-client object to its Venue-server object informing the Venue-server object that the 
Venue-ctient obiect is deactivating. The Venue-server object then messages the Connection Manager object 
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' point-to-point 

- muiti-pomt: alt that are available 

maintains hst of establ.sned connections and ensures synmr.^n.-anon w.r^ -^H. 
a mooei of the state of other networks. ^nr.n,.at.on .n^ ..ther networks -e maintains 

ODt-rr^izes sw.tch.rg to prevent unnecessary disconnect -connect transactions- 
orovices an interface for mon.tonng ana auditing, 
provtoes interface to mecia drivers. 

Another functionally solii ob,ect wh-ch ,s provded ,0 th.s system ,s the Wh.tedcard A wh , . 
orcv,aes users w,th a shared computer «h„et,oard fachty so that a user -,nT. ^^"^''oard ob,ect 

Wh.teocard or acquire an ,mage from another source ,L ' '^P^ "'^ "er 

same Wh.te.oard or, different ce^nt ^.^r Th^ Ze;!? Te' ' ^'^^^'^ ^'^"'"^ '^^ 
-ed.m ..n,ch allows users to ,oo. at a picture C what they Le o'scucs.nV " ^'"'"^ 

■s .evoted to displaying the InZVli Te Z^.T^^' T^^ '^TT' ^' ^'^^^^^ 

He.iet,.Pac.ard office. A, the oo.tom of the w.ndol 'oo s n a'ea ,08 ndT-f ''r^^ ''^ ^' ^ 

are ava.iat=.e to the user of the Whiteboard. These <orJ°^4l7 °' 



a scroller 
a pointer 

a selection of different coloured pens 
an eraser 
a text selector 
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'inisned using that tool. ''^^'"^ '° another of the users had 

The scroller 1 tO can be used rn c/--nM fh- 

me d.a».ng area lOe The ooin,., i ij '° " " ' =>«>"" 

^ogo. enabling different users to m'aL mpo, "di^fer^^t 3 " " ^''^"''^"^ ^^^^ 

Wnitir^rcrn be^:n:tyTe::.~ - <V-. Of ,e.<t onto the 

cheru'se^r not'r : z:z::,: '^^"^^^ • -^^^^ ^^^^ °' --card 

... r^^orr: vlVe^^"'" ""^^'-^ '° '-^'^-^ - described, concentrating 

con°:;^:tra"r3,7ern;^s"'.:^^^^^^^^^^^^ t^'^^ "^^"^ '° ^^^-^ " 

ar.d the numbered sequencroT 0^1^330^^^^^ '3 shows the ob.ects 

workstations A and B connect 'o .re server^ r^^^^ VT'' ' ""^"'"^ ^ ^""^ ''^'^ 

Phone Booth Client obiect P8-c O,^ thl c. ^ °" "^^''Stat'on there ,s initially a 

and a Conoec^.on Unager olec^C^ " ""'^'^^ ' ''''' " "^'"^"^ ^ ^-''^ ^^^^ ob.ec. PB-s 

■-e-ere:ceT,?To^:%hor;^^^^^^^^^^^^^ ^ - <-ted line 

Booth Client ob.ect P8-c to the P^one Booth erU^ob.er, ^^^^ \ " T 

Booth server obiect to create a npw ^jJ 1 ^ ' ® "^'''^^ ^ causing the Phone 

The Phone BooTserver otec, PB:Mhe"4:;;'7Rrna "'"^ ' T"""' ''''' "^^"^^^ 3.. 
ooiect PB-c on client works taSn B caurnn ^ referenced 4, ,0 the Phone Booth cnen, 

■nv.ng ..e user ,0 ^aKe°p™^;rermrn^^^^^^^^ — n B 

:orresoonding message .referenced 5, to be sent^rom .^rPh^ Lth'^T ^^^^^^ 
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To '*open" an object, the user double clicks on rhe relevant icon Referring to Figure 17 Martin has 
ooened the Protect Meeting Venue which .s shown -n a -vtnoow 174. The vv.ndow I74 has a menu bar t 76 
which has similar options to the menu bar i30 of the A-.naow 126 except a Meeting ootion instead of -he 
Setting option. The wmdow 174 .jisplays a oarticipants area 178. showing oniy Martin, and a snared items 
area 180 which :s empty. Underneath a bit map 182 of Manm is a name bar 184 which includes a 
notification of presence and three media control buttons 18S-' for Phone, Video and Data respectively Onty 
the Data button i87 is highlighted m this example, le. blacked out m Figure t 7, 

On selecting the Meeting option from the menu oar 1 76 of the window 174. a CoMedian directory 
window 190 appears, Ftgure 18. The reference numerals for the CoMed.an directory which were used m 
Ftgurs n will be retained here. Martin selects the name Richard Jennings from the list 92 of potenna/ 
participants causing a picture of fl.chard to appear m the area 94 together with crosses m the vioeo and 
■lata boxes m the area 96 to indicate Richard's med-a selections. This means that Richard w.li be contacted 
through the system for data sharing with both video and audio travelling over video connections Martin then 
Clicks on the Convene button m the options area 98 to add Richard to the Venue which causes Richard's 
/5 image to lo.n Martin's .mage m me Venue as shown at 192 m F.gure 1 9. Richard .s marked as absent at 
194 and a banner 196 -s displayed indicating that he has been mvited Martm has selected both v.deo and 
data connections for himself ^n order to match what was selectee for Richard. This causes the video and 
data Duttons i86 and i87 to be highlighted m a first colour to show that they are currently m use albeit only 
locally to Martin's own workstation, Richard's video and data media buttons ?86a and i87a are highlighted 
20 tn a second colour to moicate that they have been requested out are not yet m use. 

While waiting for Richard to jOin the Venue. Martin is moving the Design Notes and Design Principles 
obiects 170 and 172 into the shared items aiea i80 of the Venuo by clicking on each obiect and draqaina it 
to the area i80. 

Moving now to Richard's workstation, shown ,n F.gure 20. the mvitatjon to join the Venue has reached 
25 his machine and has caused a bell 200 to apoear at the bottom of h.s screen. The bell 200 is flashing and 
making a ringing sound to attract his attention Richard clicks on the bell 200 and the result is shown m 
Figure 21 An mvnation message box 202 .s brought up teil.ng Richard that he has been mvited to a 
meetmg and giving the name of the meeting and the name of the person who convenea the meeting. The 
invitation message t>o^ 202 comprises two options: Accapt and Decline. Richard dicks on the Accept option 
30 to accept the invitation to join the meeting. 

Referring to Figure 22 accepting the .nv.taticn causes a Venue client oOiect automatically to be created 
and a window 204 to be opened for Richard. The chosen meCa connections have been set up so that 
Richard can now see and hear Martin and the objects that Martm has placed into the shared items area 180 
are available to him F.gure 23 shows that Martm can see the same Venue having the same contents on his 
workstation Refernng to Figure 24. dunng the meeting. Martin has opened a w.ndow 206 on the Design 
Notes whiteboard obiect. Martm informs R.chard of this so that Richard can also view the whiteboard object 
and then both Martin and Richard can scnbble on the whiteboard and v.ew each others mput. When their 
meeting is finished both Martin and Richard close and save the Venue. 

Figure 25 shows the Venue object 168 saved m Richard's NewWave office. In F:gure 26. Richard has 
just opened h.s NewWave office and is viewing the Venue 168 m a window 208. Martin is not present 
(although he would be if. comadently. he had his Venue open at the same time as Richard. In that situation, 
the relevant media connections would automatically be set upj Referring to Figure 27. Richard has selected 
the Meeting menu Hem using the cursor 210 so as to bring up the CoMedian directory 21 2 and he has 
selected Ed Oavtes m the manner previously described. Ed Oavies does not have video capability, instead 
he is selected by telephone. Clicking on the Select button w,il cause Ed to be added to the Venue without 
beginning a Convene operation. 

Referring to Figure 28. Richard is about to initiate a Convene operation by selecting the Action item 
from the menu bar 214 of the window 208. and selecting the Convene option from the corresponding menu 
216. Since Ed ooes not have video capabilities, the audio from his telephone would be mixed into the video 
feed into Martin and R.chard and their audio Signals would be sent to Ed's telephone dunng their disinbuted 
meeting. 

Turning now to Figure 29. a new session is begmnmg on Richard Jenning s workstation. A window 220 
contains Richard's NewWave Office. Richard has created an outgoing message represented by the icon 222 
called "Meeting Request" (using the "Create a New" option from the Action Menu - see Figures 14 to 1 7 of 
Aopendix A) In Figure 30. on opening the outgoing message 222 it is displayed a window 224 Richard 
has completed the distnbution hst 226 and written a cover note 228. 

Referring to Figure 31. a new Venue-chent object represented by the fcon 230 is created fagam using 
the "Create a New" option). The Venue-client obiect 230 is copied and oraggea mto the window 224 
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10 Gisconrect the media connections 'or the Venue-iient oD,ect «h,ch ,s deact.vaf.no ts w 
obiect seres messages to all ot as other Venue-ci-ent od,ects ,nform,nn them of 1 h ^enue-server 
par„cuiar Venue-cl.en, ob,ect so that these other Venue-ci.ent ocects alter tle.ranlel °' 
t.e re.evar.t rr^eeting member .s now absent. appearance to .nccate tnat 

Another way o( setting up a distribuieo meeting -s f-^r a ■j'^er to ran. -o ^ 

.:he oes.ed meeting Particpants. A Venue-ciien, oD,ec, s e't/rence To ; Yen ^ 

verue-client ob.ect to other worKstations creates a ' eterence to the e evan 1^": ' 

other .o.stat,ons becaose ,n the copying process the Ven^oe ctienVoS ^ ^"^S^Z " 
ooiect IS oreserved. --^ic^-i a reference to its Venue-servef 
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There are different ways in whtch a Verue-cdent cciec^ ran ko mo » .u 
^3 .nc-uae the Ven.e-cHent ob.ect .n an electronic rlTa^i m s'sa^'.t hT^pr^ir?' 
n^essage ,s created m ,he norrr^al manner e.g. us.nn H.^tetupllll^.S^ ^''T', ^ 
cb,ect ,s .ncloded ,n ,ne message us.ng a standardly ira on Wh^^^^^^^^ h ' 
message, they place the Ver..e-c.ient m ,he,r co eC.on" lecT n cr!r,°' T f''""" 
^ -eeting. A, the relevant time, the meet.ng participants open ^ e Ven.eXt^^^^^^^^ 

meeting. On open.ng the Venue-cMent ob.ects their 32 bit machine ipTdl!, ! comn^^nce the 

" ob,ec.s send a Here Am , message to the .S^^:.:: Z^":^ 

Another opoon ,s for the user w.shmg to set up a distributed mp»t,n«7 server obiect. 
obiect and to serialise the copy of the Venue-ci.ent ot^^ T^l^Tnol"^''' ! ' T'"' ^^-^-^'^^"^ 
0 such as a networ. drive,. This file may then be .ran oo ted t ^rJ^s^^^^^^^^ o! T "''""^ 
oart,c,pants and desenal.sed thereby providing each of tnese cart^cioan 1 "^^^""^ 

: o.c:.r o^rgTht^ih^^br^ci"; ^ecn r:;h,^Zrrs "'^--'i ' - 

orocess ,s analogous to that described ITe s^^r.!: ^TZ^^ 

with references to Whiteboard ol=,ects. ^ ^ references to Venue ob,ecis 

A new Whiteboard ob,ect can also be created mside a Venue bv seiPrt.nn th«- -r k. 

:::: ::^.r„. r:.rr r,™r — ^^^^ 

.Ml .n F,,„„ ,5, Wh,,600M s9..e, ,b,8ct i.ga.n . p,„„ss «,„ogo^5 ,0 

a title bar 128 carrying the title "NewWave Office" 
a menu tar 130 offerrng the following options: 
Action. Edit, Objects. V.ew. Settings. Task and Help, 
a system menu box 132; 
Sire boxes i34 ana 136; 

a vertical scroll bar t38 w.th scroll arrows 1 40 and 142 and a scroll box t44 
a hor.zontal scroll bar U6 w.th scroti arrows 143 and ISO and a scroll box 152" 

Pro,ec. Meeting" a Venue-ci.ent ob.ect representing a reference to a Venue server ob.ect on the 

local server machine ^^i^^^ un me 

•Design Notes ' a Whiteboard-cnen, ob.ec. ^epresent.ng a reference to a Whiteboard server 

obiect on the local server machine 
■Design P.nc.ples" a NewWave document ob.ect fu-y contained on ,he cent workstation 



•5 



30 



J5 



10 



35 



EP 0 497 022 A1 



APPENDIX A 



Brief Description of the Drawings 
Figure 1 i3 a block diagram of a computer in accordance 

With the preferred eofccdiment of the present invention. 

Figures 2 and 2k show block diagrams which Illustrate 

the relationship between objects, applications and data 

files in accordance with the preferred embodiment of the 

present invention. 

Figure 3 shows a plurality of objects linked in 
accordance with a preferred embodiment of the present 

invention . 
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3 SB.„,ns -.0 Th,s .! acnieveo b, c..ci„„, ,„ me ..-on 230 aM arsss™, co™,o, ve, 

c.o«a», ae3c-«ea »,m ,ele„nce ,o F,<,„,e. ,3.j, „ A„,,„a., A , The ta, 232 lawiM Pa , 3 °' 
F«5>„e 35 snc« ,na, „essa5e ™. co.,a,.s a c.oy « »a Ven„e-c>.e,., ,t,ec, rh. meLg. l'a^ 
22. , coseo ,T:,w,e 33. To ,a„, me .„,ssaoa 222 ,an w „a,sM ,n,o ,« 0„. r,a ' „ 234 

m«aa5,o, ,n.„.„„c,.,r -'""«»«™ 3-" > S"«aoie ,n,„.oo,ec, 
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Figure 73 shews a Dicclc diagrac of the organiiatior. of 
HPOMr.CAT, a aystea file included i r the OMF shown in Figure 
7 2 . 

Figure 7^ shows the relation between a global parent 
and global objects in accordance with the preferred 
embcdinent of the present invention. 

Figure 75 is a block diagraa which shows how systea 
files within the OMF shown in Figure 72 accesses data files 
and applications frocn a meEOry shown in Figure 1, 

Figure "^6 is a block diagraa of the organization of the 
m e X 0 r y s h : w r. in Figure 7 5 . 

Figure 77 and Figure 73 show objects and links in 
accordance with the preferred erbcdicent of the present 
invention. 

Figure 79 is a block diagraa of the organization of 
HPOKF.XRF, a systec file included in the OKF shown in Figure 

7 2 . 

Figure 80 shows a view specification record in 
accordance with the preferred eaibodiaient of the present 
invention. 

Figure 81 shows the use of a snapshot in accordance 
with a preferred eobodiocnt of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred eabodiaent of 
the present invention. 
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Figure U shews a series o' 



- objects serving as foliers, 
as parents of objects contain- rg data, accordance witr. a 
;>rs:err^<t e=bcdiai-nt of the 7re%er\t ir.vention. 

-igure 5 Illustrates the screen display which results 
from linking of various objects in accordance with a 
preferred embcdiient of the present invention. 

Figure 6 shows the linking of objects in order to 
create the screen displa/ showr. in Figure 5. 

Figure 7 shews how three objects aay be linked together 
;c in accordance with a ^irnTirrsi embodis-nt of the present 
i r. V e n t i c r. . 

Figure 8 and Figure 9 illustrate how an object may be 
copied in accordance with a preferred embodiment of the 
present! nventicn. 

Figure 10 and Figure M illustrate the copying of a 
public object in accordance to a preferred embodiment of the 
present invention. 

Figures 12 through Figure 71 show the appearance on a 
screen of a session in which a user manipulates objects in 
accordance with a preferred embodlBent of the present 
invention. Also shown are block diagraas.of how objects 
appearing to the user are linked In accordance to the 
preferred eobodioent of the present invention. 

Figure 72 is a block diagraa of an Object Managenent 
Facility (OMF) in accordance with the preferred embodiaent 
ofthepreser.tin/ention. 
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13, GMp- 100 inforoa t^.e application. uhiC^. object the 
a ppl : cat i 3^.oul'l access for data. That object is then 
conside.-e! to be active. An object is inactive when the 
application tne object is associated with is not being run 
by coQpute.- 18, or when the application the object ia 
associated with is being run, but is not being run with the 
data of that object. 

Active objects can comreunicate with each other usirg 
oessages. For exaiple if two instances of application 101 
are beir.g rjn by cocputer iS, one with the data of object 
202 and the ether with the data of object 203, object 202 
and object 203 are both active. Therefore object 202 may 
send a cessag? 2 l • to object 203. Similarly, if computer i8 
is run.-.ing application 101 with the data of object 202, and 
is running application 1C6 with the data of object 2 0'' , 
object 202 and object 207 are both active. Therefore, 
object 202 may send a message 212 to object 207. 

Messages, such as message 211 and 212 nay be foraatted 
to be sent and received by all types of objects. Thla 
allows for free coooun i cat i on between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new type. 

rt 

Each object has associated with'^a set of data files. 
For instance, object 210 is shown to have associated with it 
a (iata file 221, a data file 222 and a data file 223. Data 
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pat., of a view when the-e •• s 
snapshot, in accc^danre w,t. a preTe--.- e.b«.- 

present ir.'/enticn. 



Description of the Preferred E,bo.i.ent 
Figure 1 a ccaputer ,8 having a .onitor ,0 , 

keyboard ^9 and a acuse 20. a •^or^-o. o 

.or. .on or computer main 

memory 17 is shewn by an arrow 5 ^o Ke v-'th- 

' -e within computer 13. 

Withir. cosputer lecorv lam i- •• , ,h,u-- 

. .3 Show- an object manageien 

CC.Mr,MOC, anapp:i:av.on -0,, anappUcatior ,c. 
-app.. ...... anapp:i.ation ,C., an application ,05 

ap.(i an a p plica: ton 105. 

r.c. or applioati.os : 0 : to 106 store data u.mg 

Objects. For >rs^Arr* r- 

application 101 i, 

3hcwn to have stored da*a 
203. ar. Object 2a« . 

"7, .„ Object ZOB. .„ Object 50, ,„ 

'»0 l..r,.„.tlo„ i,<,u,ti„, .blc. Object, „ -it. 

-^l = h application. Object, w.ic» ar. a,„ci.t.d .it„ a 

'■-'V.. appuc.tion a.-, conaloe... to b. o»eot, or tb 

'XP.. or t»e aa.e =la„. ,or i„,tance, object ao. 

^05 are or t«. ,aoe cia„ beca.,e eac. i, a„cciat.. 
-t'.'. »Piic.tlon ,0,. siMI.n, Object, 207. 208. Jo, a,d 
^'0.^. or tbe ,a.e cia„ bec,.. = e ,ac., i, .„oci.te. t„ 
^PPli=»io„ 106. .1. Object, or t.e ,a., cU„ „,e t.e ,a.e 
application. an application i, bein, r„n b, ocoP.ter 
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chil-irer. art ore or core parer.ts. An object is not 
allou-ec: to teccae its own cTescender. t. 

Ir. Figure 3 is shown an object 301, an object 302, an 
csject 303, an object 30U, an object 30=, an object 306, an 
Object 307, an object 303 and an object 309. Objects 301- 
309 have links with reference nans-s which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
With reference name " i " , to object 302. Object 301 has a 
link 3*1, with reference nase "2", to object 303, Object 

302 has a link 312, with reference nane "7", to object 30U. 
Object 302 has a Link 313, with reference name "8", to 
object 505. Object 30 3 has a link 3^-4, with reference name 
" 1 " , to object 30c. Object 303 has a link 3 15, with 
reference nase "U", to object 307. Object 30it has a link 

3 16, with reference name "1", to object 308. Object 305 has 
a link 317, with reference nan:e "7", to object 308, Object 
306 has a link 318, with reference name "8", to object 309. 
Object 307 has a link 319, with reference name "9", to 
object 306. Object 307 has a link 320, with rererence nane 
"13", to object 309. Object 308 has a link 321. with 
reference name "1», to object 309- Object 308 has a link 
322, with reference name "3", to object 303. 

Object 301 is a parent of 302 and 303- Object 303 Is a 
child of object 301 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 

303 are objects 306, 307 and 309. Object 309 has for 
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in da:a files 22i, 222 and 22^ a-c ^- n . , 

e ... a Tormat which car. be 

interprete:: by application )05. 

Each otject haa associated with it a list of 
P-P.-Ue=. E. = . pro,,.,, , ^ ^^^^^ 

Of Objects has associated with it a 

ic a i.st of properties that 

are co==on to all objects or that class. Tor instance, in 
Figure 2A. object 305 an. application ,0t are shown. Object 
^C5 has associated with it a property 231. a property 232. 

a property 233. Application has associated with it 

a property 137, a property 132 and a property 133. 

P.-cperty lists can contain any nuober of properties. 
Each p^operty value can be fnoa .ero to 3.2762 bytes in 
length. Properties are used to store descriptive 

inforcation about object's a n 

an. classes, auch as naaes, 

cozzents a.nd 30 on. 

Objects may have references to other objects. These 
references are called lin.s. Links are directional: one 
Object is called the parent, the other the child. Each link ~ 
has a reference name which is a number that Is assigned by 
the parent object to identify each of i ts. chl Idren . All of 
an Object's children, its children's children, and so on are 
collectively called that object's descendents. Si.iiarly, 
an Object's parents, its parents' parents, and so on . are 
collectively called that object's ancestors. In the 
preferred e<=bodia,ent of the present invention, an object 
-hi=h =ay be manipulated by a user, can have zero or .ore 
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contains lines of text 5-1, Ures cf text 512, a graphics 
fit-jre 51?, a grapnics figure 5'^ an^ spreadsheet data 5i5. 
A3 shrwr in Figure 6, text and formatting data is stored in 
an object 6M, graphics data for graphics figure 513 is 
stored i r. ar object 6i2, graphics data for graphics figure 
51U is stored in an object 6l3 and spreadsheet data 515 is 
stored in object 6ia. Links that are used to build coopouni 
objects always have sore Wind of data transfer associated 
with the link and hence are called data links. In Figure 6 
is shewn a data link 615, a data link 6l6 and a data link 
617. In dc:u:ent 510, data froa object 6l2, object 613 and 
object 6U are cerely displayed, therefore data link 6lU, 
ciata link S'iS and data link 6i6 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7, an object 70:, which contains data for a 
first spreadsheet, is linked through data link 70U to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703» which 
contains data for a third spreadsheet. The first 
spreadsheet uses data from the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than xerely display data froo the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data-passing data links. 

OMF 100 does the "bookkeeping" when objects are copied 
or nailed. When an object is copied, OMF iQO makes copies 
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ancestors all of otJ^ects 

iJT-.^i. OSject 303 has for 
ancestors cbj.cts 301. 302. 3OU, 305 an. ,09 An. 

Active Objects can dynaoically aake . , 

' aaKe and delete links to 

other ot:erts. When a link to an obje-. - , ,.1 . . 

-'je.^ .3 deleted , ohf ioo 

checks if t'-e o^lp-- h,, 

O.J... 

»- = .o,s t.e o.j,„ ,y .ei.,,„, ^^^^^ 



the object 
Object . 



CO:«ct links mav be u » - '"o- va-,-- 

u... .0., various purposes. For 

e^2=?:e, folders cay be ' t>ie -^rr. 

tne . ore of objects. The 

c.ec.s used as folders cay be objects 

containing data for usp w'->- 

w.-.. va.ioLs applications, or the 

objects .ay be other folders. ,i,_ . shows an e.a.p.» 
or the .se Of Objects as folders. An object .0, (also 

called '-ri' 

^'^ = - cu.d fola.r .02) 

- 0^,, = . u:; ,3,,,, ^^^^ ^^^^^^ 

"^^'^ •''^■^•^ ^ " .'o...... 

c«....„, .„ o=J, = . .05, ^^^^^^ 

.0 contain .U,, .„ 
rol... .02. roU.r .02 contain, ,„ .oe, to 

contain data, fol.,n .03 an- folder .0.. Fold.r .03 
contain, ,„ o,,.„ ^^^^^^^ ^^^^^ ^^^^^^ 

••0. u,ed to contain data. roid,. .0. contain. a„ o^.ct 

-ed to contain data, an obj.ot .,2, ua.d to contain 
aata and an obiect .13. u,.d to contain data. 

« Eora aopniaticated use of links I, t„ . 

linna 13 to construct 

compound objects. For instance in Figure S a h 

rigure 5, a document 510 
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162 t.-.rcjgf. a new Unk ;653. O-jec: I6ia 13 a copy of 
objec: '61. Lirk l£3a is a copy cf linX 163. 

In Figure 12 thrcugn Figure 7:, it is shown how objects 
are displayed to a user or. ocnitor < '< . in Figure 12 a 
"NewWave Office- desktop -.3 shcwr. to include Icons labelled 
as Tile Drawer", "Waste Basket", "Diagnostic", "Printers", 
"Star- and "My Folder". A user (not shown) has manipulated 
a cursor IS', usirg keyboard 19 or oouse 20, to select -My 
F c 1 d e r " . 

Figure 13 shews how the objects displayed on Eonitcr Mi 
are linked. NewWave Office (shewn as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
link 711, cf "Waste Sasket" (shewn as an object 702) through 
a link 712, of "Diagnostic" fshown as an object 703) through 
a link 713. of -Printers" (shown as an object 704) through a 
link 71a, of "My Folder" (shewn as an object 705) through a 
link 715 and of "Star" (shown as an object 706) through a 
link 716. 

In Figure lU, the user, using cursor 78l, has selected 
-Create a New..." in a pull down lenu 782. As a result of 
this selection a dialog box 779 appears as shown In Figure 
15. Using cursor 781, the user has highlighted the icon 
-Layout- and using keyboard 19 has typed In the name "Paste 
Up- as a name for a new object to be created. Cursor 78i 
now points to a region labelled "OK". Once this region is 
selected, a new object titled "Paste Up" Is created, as is 
shown in Figure 16. 



EP 0 497 022 A1 



or files aaso.::ated u:t, the = = ject. rr the o.jec. 

seir-s ccpiec has children, c-r lOc also mak 



es copies o.' th 



objecfs desce. dents, and builds links between the new 
o^Jec:s .0 give the new cocpcund ob;ect the 3a=:e structure 
33 the c-"i gi na: , 

For instance. Figure 8 shows object 308, fro. Figure 3 
^nd the descendents oT o.Ject 3 08. When OHT n,a.es a copy o 
o^:e=t 303. CMP C3P.es each or o.Ject BOS', descendents and 
the linKs showr. in Figu.-e 3. Figure 9 show, a copy or 
ob:e:t 305. o.:ect 303a .s a c.^y of object 303. Object 
3C3a is a copy of object 303- C.ject 3C6a is a copy of 
object 305. Object 307a is a copy of object 307. Ooject 
3C9a is a =cpy of object 309. Link 32ta is a copy of link 
321. Lxnk 322a a copy of lir.k 322. Link 3)^a is a copy 

oc -tr. l^.. Link 315a is a copy Of link 315. Link 318a is 
a copy or link 313. L i n k 3 l 9a i s a co p y o f 11 n k 3 ' 9 . Link 
32Ca is a copy of link 320. 

In the preferred e<r bod i n t , the default behavior 
results in the copy of a parent's children when the parent 
13 copied. However, when a child Is designated a, -public- 
it 13 not copied. Rather, a copy of the parent include, a 
link to the Child. For Instance, in Figure 10, a parent 
Object 161 is to be copied. Parent object I61 i. Unked to 
a Child object 162 through a link 163. Child object 162 is 
a public object. As shown in Figure n. copying of parent 
Object 16! results in new object I6la being linked to object 
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Ir. Figure 23, uaing crsor 731, "Paste Up" (oQject 7C?) 
is shGwr. Being dragged to window 7S5. in Figure 2^, the 
process is ccoplete and "Paste Up" (object 703) is r.cw i r. 
window "My Folder". Ir. Figure 25, "Paste Up", shown as 
object 703, is now a child of "My Folder" through link 728. 

The user sets up multiple links by using the Share 
cociard. This coacand is an extension of the clipboard 
metaphor conmor in so.'tware packages today for coving ar.d 
copyir.g data around the systea. The clipboard is a special 
buffer that the systes uses to hold data that is in transit. 

Ir. one way, the Share coaiand operates sisilarly to the 
Cut or Copy coitaand described above. That is, using Share, 
Cut, or Copy, the user selects seme data first and then 
gives the Share command, which results in something being 
put or the clipboard. In th- case of the Share command, 
however, what is put on the clipboard is neither the actual 
data nor a copy of the actual data. Instead, it is a link 
to the selected data. When this link is pasted, a permanent 
connection is made between the original data and the 
location of the Paste. Through use of OMF TOO, this link Is 
used by the i n vo 1 ved a p p 1 i c a t iors to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707J being in inverse video. 
Using cursor 781, "Share" from menu 783 is selected. In 



/ 
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In Figure ^ 7 , "Paste U - " « . h ^ 

Shewn as an object 707 

i-ke. a= , c,:- or -,r,,, , j^^^ 

Tl-.s tasic cUDtcra operation, Cut, Copy, 

= T^e ..er ...t =,:,ot th, .,ta t«at i, t, =o„=, ,r 

copies, an. t.a„ ,,t,.r t.. Cut co.xan. or t.. Cop, 

= c„a-... Cut .cv„ t.,. ,,.ected .ata to tr., cUp.o.r. 

it fro. ,t= original location,. Cop, .a.„ a oop, 
•-c.e. da. a or. the c.ipboarcJ. T.>ie u,er oust then 
-lect t..e locati... where .e want, the Cata to be „ove. or 
ccp.e. to. a., give the Paste cox.an.. Xhi, co..an. copies 
'^^e contents of t:-.e clipboard to tne selected location. 

In Figure i9 a user is shown to have selected ".= aste 
"P". The selection is represented by the icon fcr "Paste 
UP" ^-eing displayed using inverse video. With cursor 73,. 
the user selects "Copy- f. = n: a pull down a,ena 793 . In 
Figure 13A a Clipboard object 720 is shown to be a parent of 
an object 70S through a lin. 72,. Object 708. is a copy or 
object 707 ("Paste Up"). 

AS Shown in Figure 19. next the user selects "Paste™ 
fro. pull down .er!^783 . The result, shown in Figure 20. is 
the addition of an object 708. pointed to. by cursor 78,. 
Which is a copy of the original "Paste Up- object 707. 

In Figure 21. the new object is shown as object 708 
linked as a child of NewWave Office through a linW 718. 

In Figure 22. "My Folder", has been opened by double 

Clicking the Icon for "Mv r/-iiH-^n 

.^on ,or My Fodder" using cursor 78l. The 

result is a new window 785 representing "My Folder". 
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spreaisneet cc.l^ C3us- a graph to ba re-drawn, and update 
as a ri:urs in a docjcent. And sir.ce a r. cbjec; can have 
cany parents, a single obje-t can be used as "boiler plate 
for any nuater of other objects. A change in the boiler 
Plate Will te reflected in all the objects which have llnKs 
to It. Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C, window ?85 for "My Folder" has been 
closed. In Figure 3^ cursor 7Sl is used to select "Create 
a New..." froc pull down cenu 7:2. As a result of this 
selection dialog box 779 appears as shewn in Figure 32. 
Using cursor 73l, the icon HPText has been highlighted and 
using keyboard 19 the nar- "Sanple Text" has been typed in 
as the naie for a new object to be created. Cursor 781 now 
points tc a region labelled "GK". Once this region is 
selected, a new object titled "Sa=ple Text" is created, as 
is shown in Figure 33. 

In Figure 3", "Sasple Text" (object 709) Is shown to b 
a child of NewWave Office through a link 719. In Figure 3« 
since ".My Folder- has been closed, "Paste Up" (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 78l on the Icon "Sacple 
Text" and double clicking a button on mouse 20 results in 
"Sample Text" being opened. In Figure 36, an open window 
789 for "Sample Text" is shown. 
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Figure CUpboar:! c.^ j e c c 1 20 , 

t- -3 3,..w.. to be a ?ar-n: o ' 

In .-S.-e 27. w:..c-.. 785 5een activated. P.., 3 

oen.j 737, "Paste" is sei--tei Th. 

= ^f^ = -n in Figure 

23, 13 an icon 707a appearing ir. wina^„ -p.; . 

8 window ,35, Which indicates 
that "Paste Up" (ot•••e-'^ 7 07 ^ • 

^ot,e.. 707) ,3 Shared by window 7S5 and the 

NewWave Office window. m r-g.^e 2Sa 

• -sure 2gA, as a result of the 

paste, "Pasts L-p" is now ,h.,.. . , _ 

to be both a child of 

?--a.^ 2, tr, rouch link 7?? an- = 

an- a child of "My Folder" 

--••^^^ In Fig.re 29, showing j.st the 

interconnection of objects vis-:tip to 

IS. tie to the user, "Paste Up" 

(object 7C7) is Shown a rs-i^ r 

t- -e a Child of "My Folder" 705 

through link 12-. sir.^^ "»a«'e - - / 

.^s.e Up" (Object 707} is shared. 

not copied, "Paste Up" (obJ»- 70-') • 

v-^oj... 7>^,) reaains a child of 

NewWave Office through link 717. 

One key feature of data links Is autooated data 

transfer. When a - ^ m 

• or i. w.,.. ^^^^^ ^ ^^^^ 

CMr .00. o„r ,00 ,r .„,or t., 

i»ro..,„, „,„ 

t^.n „„„„ ^^^^^ ^^^^^^^ ^^^^^^^ 

Objects with complex data 

»Pi«x data dependencies, and then have 

other pa.-t,. .,.„.,,^ ^ ^ 
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The 



resal: is t-.e cpering and display of "Star" Co&'iec^ 7 06 ^ 

5o 

r-s- c ^ 5._-5 L.e use or cursor 75l to 
select selection "Ellipse" in a aer.u window 7 9 7 which 
results in t^.e data within "Star" (object 706 ) being changed 
from a star to an ellipse. As shewn in Figure 51, the 
result IS a charge both in iata displayed in window 796 and 
data displayed in region 795 of wi-dow 791. 

In Figure 52, cursor 73i is used to define a region 797 
in window 79-. In Figure 53, c-rso: 



- 78 



is used to select a 
selection "Create a New..." in pull dcwr. nenu 793 . As a 
result of this selection dialog box 799 appears in Figure, 
5U. Dialog box 799 contains icons Tor the two classes of 
objects available which are able to dispLavdata in region 
7 9 7 of window 791. Using curscr 78S the icon "KP Shape" 
has been highlighted. Using Veybcard 19 the naae "New 
Shape" has been typed in as the name for a new object to be 
created. Cursor- 73 1 now points to a regions labelled "OK". 
Once this region is selected, a new object titled -Mew 
Shape" is created. Data for "New Shape" is displayed in 
region 797 of window 791 as la shown in Figure 55. In 
Figure 56, -Mew Shape", (object 750) is shown to be a child 
of "Paste Up- (object 707) through a link 760. 

In Figure 57 a window 800 for "New Shape" was opened by 
placing cursor 73 1 over region 797 of window 791 and 
clicking twice on a button on oouse 20. In Figure 58, 
cursor 781 is used to select the selection "Triangle" from a 
pull down senu 801. The result, as shown In Figure 59, is 
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■n Fii-jre 3' a wi-.icw 7gi ^or "Paste f's- , , 

■^as .een cpe-.ed ,y doutle clicK:ng on tne icon Tor "Paste 
'-'P-- Figure 33, .s:ns Cursor 75l. controlled by oouse 

20, a portion 79C of t.e text of "Sample Text" has been 
-lected. T.e portion in inverse video stating wave 
Offire envi ronirent" is portion 7 90. 

I- Figure 39, cursor 78 1 is used to select the 
selection .....re" i r. a pull down „enu 792. In ri,.r. UO, 
an area 7 9 3 xn wir.dcw 791 is selected using cursor 78l. In 

Figure Ul, a selertion ".paste" •• s select^^ r 

-s selected froc a pull down 

* F-gure U2, -Sanple Text" is 

linked to "Paste Uo" (o&•pr^ Tn?- . ^ ^. 

-P coo.ect 707/ and displayed text 790 is 

displayed in "Paste Up" window 7Qi t« 

.f.aa.* ,Ji. I., Figure k2 "Saople 

Text" (obi<»-t 7'^3^ „ _ , 

^oj--t 7.9. -s snown to be a child of "Paste Up" 

(object 707 } through a ^--nu- 7po t 

^Jgn a ..nk 729. In Figure U2, displayed 

text 79C is Shown in gray because "Star" window 789 is open. 
In Figure .U. .-star" window 739 is closed so displayed text 
790 is clearly displayed. 

In Figure 45. a region 795 of window 791 is selected 
U3ing cursor 78 1 . Figure .6 shows cursor 78, dragging the 
icon "Star" into region 795 of window 791. 

in Figure U7. data from "Star- (object 706) i, now 
di3played in region 795 of window 79T. As cay be seen in 
Figure as. "Star" (object 706) is now a child of "Paste Up" 
(object 707) through a link 726. 

in Figure U?, a user has placed cursor 781 over region 
795 or window 791 and double clicked a button on =ouse 20. 



/ 
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Child 709. 

riS.r, .0, .r.. 753 In -i„,ow „, ^^^^^ 

. P.U .ov„ ^^^^ ^^^^^ 

P.r,« ,M,ct 707 ,.P.,., ^ 
..«t., .i. t., p,..„. „ ^^^^ 

»P.cincatlo„ r.co.. Tor t.J^..t.»„ cUp.o... T.o 

ro, i, CO,... ror U„W 7^, ^^^^^ 

in ri8„„ M -S^.pu T,.t- (Object 70,> I, ,,o.„ to t, . 
"M. or .P,st. UP- <o»J,ct 707, thro.,. 739. 

in rUu.-, .J, v., PI,,., ^l,pl.,„ ,„ 

»P- w.n.o. 7„. I. ,o=o,pl,.Mn. t.i., p„.„, 

707 cakea a call to OMF 100 ask'n* th,^ . 

astc.ng that a aessage be aent to 

Object l.entiried by the rererence na«e Tor 11„. 7.9. 
T.^i^ =..3age ..,,e3t. the chiU object 709 to dl.piay data 

thl, an. into a location ,peciried by parent object 
^07. OMP ,00 ta.es the ,e3,age Tro. parent 707. ad.3 the 
^-a identirication number Tree the ne. , pe cl fi cat i on 
-cor. ror lin. 729, and deliver, the .easage to child 709 
C^il. 709 display, the data in the apeciried location, m 
thi3 ca3e area 793. The na«e of the „e,,,ge sent fro. 
parent 707 t, OMF 100 to child 709 i3 • D I S P L Ar_ VI E W- , 
rurther described in Appendix B. attached hereto. 

Another message " P R I NT_S L AV E " , also described in 
Appendix B. «ay be used when it is desired to print data on 
a printer rather than display data on a terminal screen. 



/ 
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cat ea 



:n ad- tion, Parent 707 cay ,end a "c-- sr,-.„ 

to cnil. o.ject 709. In a "C£T SIZE- „e3,a.. 

«c33age, parent obje 
I.entir.., , ..r...„c. ^^^^ 

"oMln.c. f,. . ^^^^^ ^^^^ 

,,,, ^^^^ ...„uac.:.,„ 

"U..„ ^^^^^ ^^^^^ 

"-"^ TO, ... ^^^^^^^^^ ^^^^ 

Pa.en. , 0, 

= . CMM ^^^^^ ^^^^ 

. ^^^^^ ^^^^^^^^^ ^ 

^^^^^ ^^^^^^ ^^^^^^^ ^^^^^^^^^ 

=M1. ^^^^^ ^^^^ 

a change ir th# Ha*-* 

in. the data object. For example, aa described 

above, in Fi«u.-e U7 h.*- * 

«7. data rroa -star" (object 706) now 

-^PUxed in re.ion 7 95 or wi„do. 79K ,„d, as .a, be see. 
--.^re ua. -3tar^ (object 7 06 ) i 3 a Ci X d o r - Pa 3 t e Up" 
(oSJeot 707) tHrou.ti a linv 75t 

rro. o»J,ct 70S to ,,„^ ^ 

^i.-e t», ..t„o. ,„.„.^„, ^^^^^ 

-J.ct 70. „ . ^^^^^^ ^^^^ ^^^^^^ 

795 or wl„.,„ „, ^^^^^^ ^ ^^^^^^ 

T^. -.„:t I, ^^^^ 
' -'"«w 7,6. ^^^^^^^^^ 
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"7". Since Object 67, la a folder, there no view, 
therefore t.e three bit, within aubcolu.n 73" woul. be 

0=J,ct 676 I, , ,f „ ^^^^^^^ ^ 

""^ "9 a „.,„t or .„ o.,.ct 67» »ro„,. . 5,,, 

S77 , ^ ^^^^^^^^^ 

CBJ, = t 67« n., . t,g Of -J,.. anK 6S0 h., , 

re f erence name " 3 *• . 

79. ,„ .„tr, 737 ..,crl.„ 67, ,»o.„ i 

"^S". 7-. J, ^^^^^ ^^^^^ 

Par.n-. t., .,7-. :„ ^^^^^ 

10 col„,„ 733 t^..., 

i= a 0,„..„t, . ^^^^ „,ool.... 

wit. u„. 67,, ,,,, ^^^^^^^ 

61.., -na. o„,,, ,3, „ , 

record . 

Si.iun,, ,„ ^^^^^ 

^U... 76. T^.t ,3, .^^^^ ^^^^^ 

parent ta« "17" t.» * 

•« 'T . r„ col>,.n 732 t.'>.r. 1, the cnila tag .21. 

a- I. c,l„.„ 733 t.,r. 1, .3., 

. .,,001, t.d wtt. n„. 660,. th. t.p.e bit, 

Within aabcoluin im 

73«« contain the three bit, -no- and entry 

^''O 13 a View specification record. 

in Figore 80. view a pe ci fi c a t i on record 7.0 i, ».own to 
^-^^^e a fiel. 7U, ,,,,,, , ^ a t a' l d en 1 1 f i c a t i on for 

View, a field 7U^ which indicate, whether there is a 
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snapa.ot used in the view, and a field 7.3 which contain, 

ffilacel laneoua Inforsatlon about ^h- v^pu 

-.ic v^ew. jVj^ data 

Identification nu=ber 1, used ty the chll^ object of the 
link, to decerxir.e what data is ,ent through the lin.. 

Figure, 37 - .3 show the establishing of a Un. with 
a view. AS has been discussed before, m Figure 37 window 
791 for "Paste Up" (object 707) has been opened by double 
cuclcing on the icon for "Paste Up". m Figure 38. using 
Cursor 78l. controlled by .ouse 20. portion 790 of the text 
of "Sa.ple Text" has beer, selected. The po.^tlon In inverse 
Video stating "New Wave Office environment" is portion 790. 

In Figure 39, cursor 78l is used to select the 
-election "Share" in a pull down aenu 792. Once "Share- is 
selected, child object 709 ("Sample Text") creates a data 
Identification number which identifies portion 790 of the 
text to Child Object 709- Child object 709 also causes OHF 
100 to put a link to child object 709 on clipboard 720-- 
Child Object 709 co«a>unlcates to OHF 100 through command set 
forth m Appendix B. attached hereto--. Child object 709 
also informs OMF 100 what data identification number is 
associated with the new link between the child 709 and 
cupboard 720. If there is a snapshot associated with the 
link, Child 709 Will also Inforn o«F 100 if there i, a 
snapshot associated with the link. Snapshots are discussed 
"ore fully below. As a result OMF 100 will make an entry in 
HPOMF.XRF 603 for a link between clipboard 720 and child 
object 7 09. The view specification record for the link win 
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VS_T£XTDrSKLO! 



'C 



VS_INITlALrZED 



20 



25 



VS_REScRVED 



30 



.'5 



VS_VIEW.:i.ASS 



40 



all 
Th- 



45 



• ile pos: tion in HPOMf prp 

wn ere a vi •« • , . ^ 

f ' character 

;e^tual data id l, located, 
contains zero if no 

textual data ID has been 
penned by the child. T.^e 
iow order five bit, of t'e 
'^lle position are always 
zero and are thus not 
stored in the Mlsc field. 
The hexadecimal nu,b«r QTT? 

f !; * ■■^•^ which 
Indicates which bits are 
U3ed for this bit field. 

Set if the view 
specification has been 
Initialized. ir clear. 
Inforisation in the view 
specification is zero, 
hexadecimal nuaber 0000 
OO'O is a mask which 
indicates which bits are 
used for this bit field. 

Reserved for future 
expansion. The hexadecima' 
number 0000 0008 is a ais\c' 
Which indicates which bits 
are used for this bit 
field. 

Specifies the view class 
the child assigned to the 
View. The View class 
defines what view methods 
are available to the 
parent. The hexadecimal 
number 0000 0007 is a mask 
which indicates which bits 
are used for this bit 
field . 
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' t.. ,r .6.. o.,„, , ^^^^^^ 

t-o„,. , , ^^^^^^ ^^^^^^ ^ 



/ 

I 

I 



EP 0 497 022 A1 



6^5 has a reference na = e "7". Peference naa,e, are plc.ei by 
the parent object and need to be unique for the particular 
P^.-er.t Object; however, other parent, .ay have a link with 
the same reference name provided each reference na»e is 
unique for each parent. 

Figure 79 ahows a block diagram of HPOMF.XRF 603. 
HPOMF.XHF contain, an entry for each link between parent, 
and Children. l„ HPOMF.XHF 603 colu»n 73 1 contain, the tag 
or the parent for each link. Col.„n 732 contain, the tag of 
the Child for each link. Colu,n 733 contain, the reference 
na«e for each link. The flr,t three bit pcltlon, of column 
733. =hown in Figure 79 a. ,ub. column 73^, Indicate whether 
ew specification file record 1, present ("llO") whether 
iew specification file record follow, (-0OO-) or whether 
the link i, between 1, a link fro. the global parent to a 
global object ("100"), 

A3 may be seen, entry 735 1 , an entry which describe, 
link eiU „own m Figure 77. That I,, m colun.n 73 1 of 
entry 7 3 5 there i, the parent tag -6". m column 732 there 
is the child tag M2- and in column 73 3 there i, the 
reference name since object 671 1, a folder, there I, 

no View, therefore the three bit, within subcolumn 73U would 



a vi 
no V : 



be "0 00". 



Similarly, entry 736 l, an entry which describe, link 
6 7 5 ,hown in Figure 77. That I,, m column 731 of entry 736 
there is the parent tag "6". m column 732 there 1, the 
c^lIC tag ",=" and in column 733 there is the reference name 



/ 
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■0 



'5 



-0 



records cannot be Identified by the content within a view 
specL ficaticn file record. HPOHF.XHF ia increased in size 
16K bytes at a time. A newly allocated portion of HPOMF.XRF 
i3 filled with zero3. Flic records within HPOMF.XRF which 
are free or which define a link have the following fields 
li 3 ted in Table 5 : 

Table 5 



ParentTag Contains the tag (HPOMF-CAT 

record number) of the parent 
^■0 object of this lin'ic. If this 

field is 0, then this record 
does not define a link and is 
f re e . 

.^5 ChildTag Contains the tag of the child 

object of thta link. If 
ParentTag in this record is 0, 
and this field is also 0. then 
no record beyond this record in 

JO HPOMF.XRF defines a link. 

^^^^^^^ Contains the reference name that 

the parent has assigned to the 
link. This field Is meaningless 
j5 i^" ParentTag or ChildTag is 

zero. Otherwise, if the top 
three bits of this value are 
110, the next record in the file 
is a view specification* 



File records within HPOMF-XRF which are view 
specification file records have the folloj/ing fields listed 



J5 



in Table 5A: 
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Table 5a 



Da : a Id 



Contains the value 
child has aaaigned 
the part of Itself 
viewed through the 



Sna ps ho t 



that the 
to identi f 
that is bei 
linlc. 



Contains the tag (hpomf.CAT 

record number) of the object 

-Jtch 13 the Views snapiJo' . 

if zero, the view has no 

snapshot. For further 

discossion of snapshots, see 
below. ' 



Misc 



VS_NEWDATAS£T 



Cooposed of several 
described below: 



bit fields 



VS_Ni WD ATA ANNOUNCED 



VS_SNAPSHOTOLD 



VS_WANTMESSACES 



Set if child has told OMP 
that new data is available 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a mask which 
indicates which bits are 
used for this bit field. 

Set if child has told ohF 
to announce new data to 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number KOOO 0000 is a mask 
which indicates which bits 
are used for this bit 
field . 

Set if child has told OMF 

o^rJ''! r*"'' "*P»hot is 
out-of-date. The 

hexadecimal number 2000 

0000 13 ^ Basic which 

indicates which bits are 

used for this bit field. 

Set if child has told OH^ 
that it wants to process 
v.ew messages when snapshot 
is out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whicr. bits are 
Vised for this bit field. 
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Table « 

'■^ ' 1 f t^i3 record defines 
an Instai led claaa, othepwlae 
thi3 record is free and thl, 
rield 13 the record nuober of 
the next free record, or "0" if 
there are no more free records. 

II of 
the other fields m the record 
13 aeanlngful. 

ModulenieNaoe SDeelfi.. i-k- 

opeciries the nane of the 

application associated with 
Objects of this class as a null, 
terminated string. 

Specifies the number of 
properties, the length of the 
property naaes and the location 
in HPOMF.PRP of the object's 
properties. Se e t he d es c rl pt 1 on 
Of HPOHF.PHP below for further 
definition of the structure of 
thi s fiel d . 

Figure 75. the relationship of HPOMF.CAT and 
HPOM-.CLS is Shown. Within each object entry within 
HPOMF.CAT. the record number, which is an object's tag. 
«-es as an identifier 650 of data files in a .ass storage 
-mory 170 associated with the object. The field 
"Typelnciass" serves as an identifier 651 of the class entry 
in HPOMF.CLS. which identifies the class of each object. 
Within each class entry in HPOMF.CLS. the.fleld 
"ModuleFlleMame- serve, as an identifier 652 of the 

application file in mass storage memory 170 which is 

associated with the class. 

In Figure 76, the organization of a portion of mass 

storage memory ,70 is shown. A root directory 660 contains 

Poir^ters to an HP.VWOATA directory 66, and HPNWPRCO directory 
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66a. H^VWPHOC ..rectory 566 location or 3tora,e Tor 

applicaciona file,, represented by arrow, 659. HPMWDaTA 
contain, a plurality of HPCMFddd .irectorle,. represented .y 
directories 662, 663, 66U, 665 and 666. m Hp^^,,,, 
directories are stored data file, associated with objects. 
The ".dd^ in HPOMFddd stand, for a three digit, leading 
rero,, hexadeclnal nuo&er. Each HPOMFddd directory ha, . 
different ".dd" hexadecimal nuc.er. The "ddd- nu»ber 
indicates w..ich HPOM-ddd directory store, data file, for a 
particular object. Data file, for a particular object are 
=tored in the HPOKFddd directory which has a "ddd" number 
eq.al to the tag for the object divided by an Integer 
number, e.g., fifty four. Wit..in each HPOMFddd directory, 
riles are ,tored by tag numbers, e.g. data file na«e, have 
the format x x x x x x x x . 1 i i , where "xxxxxxxx" is an eight digit 
leading zeros hexadecimal tag, and "111" .re a reference 
chosen by the application. 

system file 603. HPOMF.XHF 1, also referred to as 
srsXREF. This file is a U,t of all the li„., existing in 
t^.e ,y,te=. It IS record oriented, but does not have a 
'reader reco.-d. Each record file Is either free, or defines 
an existing ll„.. or 1, used as an overflow record from the 
previous record to specify additional view specification 
information. Record, that contain view specification, are 
called Vie. specification file records. View specification 
rile records can be identified only by a previous record 
Which defines an existing data lin.; view specification file 
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Tat: e 



I F i rslTreeZr. trv 



TypelnCIass 



■ ysCatFlags 



properties 



fast props 



Is if this record defines 

an object, otherwise this recorc 
13 free and this field is the 
record nucber of the next free 
record , or " 0 if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
meaningful • 



specifies the class of this 
otject. This Is the nunt-er of 
the record in HPOMF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above). 

Specifies if the object is 
global if the bit masked by the 
r.uriber 20 (hexadecimal) is set 
in this byte. In the preferre:! 
ezbodiment ail other bit 
positions cjst contain "0" and 
are not used. 

Specifies the nuober of 
properties, the length of the 
property names and the location 
in HPOKF.PR? of the object's 
properties. See the description 
of HPCMF.PRP below for further 
definition of the structure of 
this field . 

Certain object properties, such 
as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly in^the properties 
file. Properties stored in this 
field are called "fast 
properties . " 



Systeo file 602, HPOMF.CLS is also referred to as 
SYSCLASS. This systeo file is a list of all installed 
classes in the systeo. It is record oriented. The first 



record, numbered 0, is a header which contains various 



/ 

/ 
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signatures (see abcve) ^nt is use:! to a3a-3ge a list of free 
records. All ether -eccrts eitr.er define an installed class 
or are free. In tr.e preferred e-bodicent KP0MF.CL5 can grow 
dynamically, but cannot shrink , 

Each file record in HPOMF.CLS is thirty-two bytes in 
length. HPOMr.CLS file record 0 (tne header) contains the 
;5 following fields listed in Table 3: 



'0 



25 



30 



1 F 1 r s t r r e e E n t r y 



Fi le Id 



Version 



l.VaxPecordNuc be r 



Table 3 

Contains the record number of 
the first free record in 
HPGMf.CLS , or «0" i f there are 
no free r eco rd s . 

Contains the null terminated 
string "HPGMF.CLS" 

Contains the file format version 
nu a be r , 

Containa the number of the 
highest record ever allocated 
froa within HPOMF.CLS (this 
highest record may or may not be 
free) . 



35 



JO 



Table u, below, contains the fields for file records in 
HPOMF.CLS for file records other than file record 0: 



J5 



50 



55 
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^5 



^0 



25 



3C 



15 



o.her p..,..,, ^^^^^^^^ ^^^^^^ ^^^^^ 

= erve as a ,,3, .^.^^^.^^^ inror,ation. 

They provide inrortatlor. aiout object properties such as 
-^.at ea = . otject is what i, the na«e or each object. 

Sy.tec r.les p.ovi.e information a.cut classes of 

ot^jects sue. as what application is associate, with each 
class or Objects, what icon represents objects of a 
particular class an. lists or what messages (^ucH as those 
sh = wr. in Figure 2) can te processed by objects or a 
particular class. Syste, riles 601-607 also contain 
inrorzat.on a.out l.nks between parent and chiic objects 
inclu.in. a ii3t or parents an. re.'erence na„es or each lin. 
rrcm a parent ror each object: a list or children an. 
reference na^es of each lir.. to a chil. for each object; .n. 
additional information to .anage data exchange across data 

links. Additionally, sy-^-a r.i-, fini aot 

3y._a ..lea 501-607 contain general 

info nation such as what- --ii.c • . 

-..a. .lies are installed in the 

op.ratin. r,r „c. cu„ t«,t 1, Install... 

= »J. = t, «... r.,„.„.<, 



-0 



restart ed . 



-15 



In th, pr.r.rr.c! ..6=cll=.„-. of t„v.„tl»„ 
= /»t.= Til. 60, i, ..f,,,,, ^^^^ 

vv,t,„ Til, 605 1 , r.r.rr.s to » »PO«F.I„s, ,„t.. ril, 606 



55 



eP 0 497 022 Al 



tr.a'- a triangle Is now display-.-- b-th ;^ 

D.th in window SOC and i 

.-egi on 79 7 of win-: aw o ; . 

In n.ure 60. win.ow 900 .as been close.. m ri,..e 
6^ ".Vew s.ape.. 3e:e.^e. p^cn, cursor 78 ^ ove- 

-.ion 7,7 or wm.ow 7,5. an. cUcin, a 

-n Figure 62, cursor 7S 1 is used to s.^^.^ 

CO select selection "Share 

rroo pull down a:enu 79^. In Figure 63. cursor 7fl, • 

"3, cursor 791 13 used 

to select a region 802 of window 79: r,, 

• In Figure 6 k , cursor 

'5' is .sed to select selection "Past-" T^. . . 

r^sz, .roe pull down nenu 

3.,.,.. 

.-..io. 7,. ,„ ^^^^^^ 

"Nei.- Shaps" (object 750) i. ^ 

n J .c»n to nave ar. additional link 

770, rr== it, parent -Paste Up- (oSject 707). 

I^. ^ie-e 67, .e,:o„ naa .een selected usln, o„n = or 

75.. c.nson ,8, ia tn,n „a.. to select selection -Cf rno. 
O^ll .own ..nu 7,.. Tne n.,..:t, a, ,.e„ i„ ^, 
t.^-- re.lon 73, „as ..en re.oved rno. .indo. 7„. l„ 
69. c„n,„n 78, la „„d to select selection -Paste- fno. p„li 
down oen„ 7,3. Tn. .„.it, snown l„ Pi,„,. , 
r=r -„e„ snap.., pointed to cun.or ,8,, 
■».v snap. (o.J.ct 750) is sn„„ to now , o„i,, 
«.-Wa., omc, (o.J.c ,00). tnro..n a im. 

t" ru.... rj, OMP ,00 IS snown t, contain s,.,„ s,ste. 

''ilea; systeo file 60l, systeo f-i» sn^ 

. aysceo r.le 602, system file 603, 

aystea file 60^, syatea- ' i i . fine 

r aystes .Lie 605, systea file 606 and systea 

file 607. OMF interface 599 serve, r 

" aerves as interface of OMF to 



EP 0 497 022 Al 



global eject, 13 a .e^cen.ent of global object. Al..oug. 
-igure 7. 3M0WS only 3ix glo,al objects, the nua^er cf 
global objecta operating on a ayateo, .s a a:atter of syst.z 
configuration.. Any object in the 5y3te= can refer to a 
global Object byXusir.g t.e reference na«e of t.e lin. to 
tfiat global object from the global parent. 

A3 may be seen fr = = Figure 73. file records in 

HPOMr.CAT are numbered consecutively. These nucnber^ aerve 

.as tags, which identify each object. 

in the preferred e=bodi,ent of t.e present invention, 

each record is 123 bytes i r. length. Tne fields for file 

record 0 are listed in Table i below: 



IFirstFreeE.-.t 



ry 



Fi leld 



Yersi on 



iMaxRecordNumber 



Table i 

Contains the record number of 
the first free record in 
HPOK.^-.CAT, or "0" if there are 
no free reco rds . 

Contains the null terminated 
string "HPOMF.CAT". This serves 
as a signature. 

Contains the file format version 
number, which also serves as a 
signature. 

Contains the number of the 
highest record ever allocated 
from within HPOMF.CAT (this 
highest record may or taay not be 
free ) . 



Table 2. below, contains the fields for file records in 
HPOHF.CAT for file records other than file record O: 
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now given* 



O 33 



System file 6o:, HPn^f^cx:, i. a^so r-'- 

SYSCA7. HP0M-.CA7 is a catalog of ... 

= 5 or a_ existing objects 

in the systei. in Figure 7^ n?c^- rt- ,• 

-' -f-A 1 13 shewn to be 

H.OM. .CAT has a plurality of file records 

In Fisure 73. file record 0 thro.g.>, r,i^ , 

-lie record 8 are shov/n 

y con.a.n many acre file records than 

sre Shown .n Fig-^re 73- rile re-or^ 0 i, . k . 

=-3r. J 13 a header which 

ccntair.s various signat>.res ari is .se- to 

IS ijsei to manage a list of 

free file records. a s • j - ,,- » • 

s.gna.u.e is sc<ne known value which if 

present indicates that the 'i'e i, 

■-■•e -i.e IS net corrupted. File 

record 1 through file record 8 and a-itioral f,- , 

s^-icional file records 

(not shown) e ^ h e r * r - ^ « ^ ^ 

«--.er def.ne an existing object, or are free. 

In t.he preferred ezbod-i-n- h^omt 

v^.i.n. H.OH.-.^AT can grow dynamically, 

as .ore file records are needed, but cannot shrink. 

File record , defines a special object called the 
global parent. The global parent has a for. different than 
every other object, and n,ay be regarded as a ™p,eudo" 
object. Fig.re 7« shows the global parent to be the parent ^ 
or global Object 250 through lin. 2S0. global object 251 
--oug. li„. 261. global Object 252 throug. Un. 262. global 
ot>Ject 25 3 through ii„. 263. global object 25U through lin. 
^fi'* and global object 255 through Un. 265, as shown. 
Global Objects 250-255 are also within HPOHF.CAT. Each 
Global Object 250-255 ,ay be a parent of one or core objects 
in HPOHF.CAT. Each object in HPOHF.CAT which i, not a 
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2C 



25 



35 



J5 



SO 



55 



In a me.-.c window 79 7 reauw, ^ , 

^- w 3 in the data wi th' n 

- - — ^^^^^^ ^^^^^ ^^^^^^ 

^i^Pla/ed m Window 7 9 6 and data ii.pi^y^. , 

ispiayed m region 795 of 

window 79 1. 

— « OH. ,00 ^^^^ 

-"ua=,„,„ ^^^^ 

Identification nuiber. r th, 

r. the parent eject of any of the 

1-., i, „ot active. OMF ,00 3et, the bit 
V3...wp....,,ou.C.C for that .... i. ^^^^ 

— -^—cti.ated, the parent o.ject can then 
reiueat the new data. 

" cMr ,00 .ui , 

'0 t.a p...„, ^^^^ 

=. OHP ,00 „u: Me„t.., p...„t o.J.^t t., 

-^e.,„.a ^^^^^ ^^^^^ ^^^^^^^^^^ 

Th. p...„, ^ ^^^^^^^ 

-.»t, t„. ^^^^^^^ ^^^^ 

— c.j.ct ,or u . _ ^^^^ 

- ^. ".Pl.y,. 1„ ^ ^^^^^^^ 

^•'"Iption of the view Spe c '1 cat ion . . 

= icatlona are found In 

Appendixes B, c and D. 

The advantage Of the present invention i, that parent 
object 707 1, able to communicate with child object 706 

OHP ,00. witho.t parent o.Ject 707 or child object 
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706 .ncwmg t.e Identity or any other detail, about eac. 
other. T.e parent object Identir:,, the ll„. 

reference na«e of t.e llr... I.e child object identlfle, t.e 

li"^ -ing ju.t the data 1 d er 1 1 f i ca 1 1 on number, of the Unic. 

OHF 100 doe, ,11 t.e translation and Identification of w.ich 

Unks and which objects are involved. 

Syste. file SOU, HPOMF.PRP. i, referred to a, 

S^SP.OP. HPOMF.PHP contain, all the object .„d class 
properties except for the fast object properties which are 
contained In HPOMF.CAT. Each record in ,y,te. file 601 
(HPO.r.CAT) and syste. file 602 (HPOMF.CLS) has a properties 
aeld. as described above. Each properties field contains 
the fields described in Table 6 below: 



Table 6 



DlrDiskLoc 



Contains the position (byte 
offset) within HPOMF.PRp of the 
property list directory. 

n P r 0 PS . 

Contains the number of 

properties in the property list. 
This is the number of entries in 
the directory entry array 
described below. 



Pools 1 2e 



Contains the combined length of 
*11 the names of the properties 
in the property Ust, Including 
a null-termln^tlng byte for each 
name. This Is the size of the 
directory name pool described 
below. 



ror each object and for each class, at the DlrDiskLoc 
position in the HPOMF.PRP file Is the property directory for 
that Object or that class. The directory has two major 



/ 

/ 
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pcr'.ior.s : the entry ar-av 'oi ^ k 

• ^.ay. .ollow.d by the name pool. The 

entry array has one ent-v rar 

«n-y Tor each property m the propert 

c.3wn entry ha^ ''ia'»>- 

y f-aa ..e.d, ,et out in Table 7 below: 



Hat. 

-- - •. >. I / lias : I el 

Table 7 



ValueLen 



ValueDl akLoc 



Specirie. the length in byte, o 
the associated property tm , 
can be zero. ^ 



CacheOffae 



associated property. rr 
Val.eLen la zero, thl, i, ^Iso 
zero there l, no .t^V 

scored anywhere. 

" "ly -..d .t run 
r...dia..„. ^^^^^ ^^^^ ^^^^ ^^^^ 

- P^«P-..» ... ..o„.., ^^^^^ 
a^ra,. P.,„.,„ ^^^^ ^^^^^^ 

user coEDaenta, da^* a n ^ *. ^ ^ ' 

an- time of creation, the user who 

created the object .f^ 

Jec.. etc. For more information on 

properties, aee Appendix 0. 
-HPOHr.P., ..... 

->oc,„,„ ^^^^^ ^^^^ ^^^^ 

T.. ,„ ^^^^ ^^^^ 

significant bit e** -^/^u 

c. each word used first. Thus, bits 15 

through 0 of the r^^.*. 

t!,e f.rst word of the bitmap control the 

allocation of pages 0 through 15 of the ^l^* . 

tne rile, respectively. 



eP 0 497 022 A1 



TM. Mt.,p c„t.„l, th. location or page, ,02, t..o„g. 
WMCX icsi.^i, rcllo. t.e «c = ,0 blt.ap. 



needed , 



E. = » .ir.c.or, ,„<, p.op..t, 1, , ^^^^^^ 

— .11 alloc.. i„ t,. ^^^^ ^^^^^^ 

restriction that no dlrectopv »,i 

..ectory or value can exceed 32K bytes 

(102'4 times 32) in length. 

Sy.te. file 605 , HPOHT. lUS, Is also referrec. to as 

SrsiNSTL. HPOKF.INS contains a l^=t or .^ , 

a i.3t or the files that were 

cople. to ,„c.. l„,.al,... TM, 

lr.for..tion ia „„c ,o t.at fn„ can t. 4.1..,. 

the class is d e-1 ns t a 1 1 ecJ . 

T.^^e very beginning «r HPOKF.INS is a double .ord value 
Which serves a, a va li di t y / ve r s i on identifier. i„ the 
Pre.'erred e«bodi.ent the value of this double word .ust be 

0101A8CD hex to be valid Tn Tas, o 

valid. In Table 8, this number is stored 

3hown because of the protocol, for storage m the 
particular processor used by the preferred e»bodi,ent. i.e. 
an 80286 microprocessor made by Intel Corporation. 

Following the double word comes a series of variable 
length records. There is one record for each installed 
claBs. The first word of each record is the length of the 
rest or tr.e record. In bytes. This is followed by the null- 
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t»» r, , "^en ro! lows 

i^le names of t*^. rii-. - 

t..e r.le, cop:ed to the OMr .l.-ectories 

"^fie file naoe begins th th* 
special Character th« r-, 

- the file la assumed to be i 
the HPNWPROG located l„ 

".nwcROG directory. rr tw- r< i 

apecial character th* r,- i . 

the rxie is assuaed to be located i„ 
tha HPNWDATA directory. 

^or example, assume two cla,,-, 

o Classes are Installed- cla,, 

and Class "CDT" 

' . Class "AB" caused two m., ^o be 

-.stalled: "Z" to HP.VPPOC dlre-^tory 663 . 

i.re.cory 663 and "yy- to thm 

HPN-WDATA directory ci, 

''"^ — ^ 1 file to be 



Table 8 

offset content 

J CD AB 01 01 F.^/w"!"'' 

" OC 00 Reader/version check 

Length of AB record ( 12 

6 ^2 

9 OU *^ ♦ Mull 

Length of length byte -.2- . 

0 05 °° * Hull . 

Length of length byte • -.TY- 

Length of CDE record (10 



1" uz. uc- decimal) 

"CDE- * Ml 

Length of length byte * -*XXX- 



.5 00 -CDE- ;Vull 

53 53 53 00 -rxx^^^^ ,,,, 
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Sys:e« File £06, HPO.-.SDF is al,o referred to a, the 
"Shutdown r:le". KPCMr.SDF exist, only when the 3y,te» has 
been cleanly shut down. deleted as the systec starts, 

and created as 1. shuts do.n. On startup,, if this file Is 
missing, OM.r assumes that the last session ended abnor»ally. 
and so It soes through Its crash recovery procedures to 
validate and repair the aysteai flies as best it can. The 
system files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
intervenUcr.. Certain other kinds of file consistency 
errors are detected, but are not really possible from an 
"ordinary- system crash. These error, are in general not 
correctable and the OMF will not allow the system to come up 
in this case. 

If HPOKF.SDF is preser.t, it contains a list of objects. 
When the system is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them When the system Is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the system Is restarted. 

The first word In HPOMF.SDF Is a flag word. If this 
word is non-zero, OHF will execute its cr,sh recovery code 
even though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
in the session being ended. 

After the first word, the rest of the file is a 
sequence of three byte records. The first two bytes of each 
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/ 
/ 



record contain the tag of the object to be restored. The 
least Significant byte is first. The third byte Is not used 
in the preferred enbodinent, an- is zero. 

For example, if the system is shut down cleanly in the 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the content, of 
HPOMF.SDF Will be as set out In Table 9 below. 

Table 9 



offset 

0 

k 

5 

7 



content 
00 00 

0? 00 
00 

07 00 
00 



cossents 

Indicates no crash recovery 
needed 

Tag of first object to restart 
Unused and reserved 
Tag of second object to restart 
Unused and reserved 



System file 7, HP OMF I CO . NWE , 1, a Microsoft Windows 
dynamic library executable file which contains a dummy entry 
point and no data. Microsoft Windows is a program sold by 
Microsoft Corporation, having a business address at I6011 NE 
36th Way, Redmond, WA 98073-9717. HPCMFICO.MWE also 
contains as -resources" the icons of each installed class. 
OMr modifies HPOMFICO.NWE directly during run time, and 
loads and unloads It to get the icon resources fro. it. The 
format of HPOMFICO.NWE Is defined in Microsoft Windows 
documentation distributed by Microsoft Corporation. 

Normally working with a view (see discussion on views 
above) causes a child's application to be invoiced. Where 
large applications are involved, this can cause a lot of 
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unnecessary overhead. The use of ,nap,hota allow thi, 
overhead to be ellnnated. 

A >nap,ho-. i, ,n «,ject that u,e. executable code frox 
a separate library referred to a, a dyna.lc access library 
(or DAL) rather than using the foil a p p u c a 1 1 on e xe cu t a b 1 e 
code. The only ,ata file associated with a snapshot 
contains data which i, to be sent fro, a child object to a 
parent object. The code which encapsulates the data file 
altho.gh referred to as a dyna.lc library. 1, ,tlll stored 
in directory HPOMFPROC (directory 668). 

For exa.ple. Figure 8^ 3hows a parent object 501 im^ed 
to a Child Object 502 through a lin. 50.. Associated with 
linw 50. 1, a. snapshot 503. Once child object has designated 
-.apshct 503 in a view specification record for ll„. 50.. 
3nap3hot 503 is able to provide data fro« child object 502 
to parent 501 without the necessity of invoking an 
application associated with child object 502. 

AS s.own in Figure 82. when there is no snapshot, child 
Object 502 oust be active in order to send view data 522 to 
parent object 50,. i„ order for parent object 50, to display 
view data 522 in a window display 52K m Figure 83, 
f^owever, snapshot 503 is shown to provide, view data 522 to 
parent object 501 without the necessity of child 502 being 
active. Further i « pi e« e nt a t i on details of snapshots are 
Siven is Appendix B. Appendix C and Appendix D. 

Appendix A is a list of a>aJor data structures within 

OMF 100. 
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Appendix B 13 a descript'on or r-,n 

iPt-on or functions which OMF 

ln:erface 59 9 recognizes in the pre'.rre. k 

Pf«. erred eabodiaent of the 

present invention. 

Appendix c (HP Neu'Jav* p- • 

NewWave Env:ron„ent: Progra, Design 

E-"Ples) Cl.es examples of hew the p.efe^red . 

P'^«^«'^ped enbodlnent of 

the present Invention may be 1mm. « 

' ^-"Pl^'nted. including detail as 

to how OHF 100 allows data to be viewed b.. 

^, , viewed between windows 

<Jl3p^ayed on monitor TU. 

Appendix D CChapter 2 o 

apter 2 of Progra.aer's Guide) gives a 

invention, further <l.t,u aj t= th. 

to tte operation of the 

Pr.f.rre. e.ho.l.ent of the pr„,rt l„.e„tlon. 




55 




55 



EP 0 497 022 A) 




45 
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^5 



20 



jO 



OBJECT (FOLDER) 



i 





OBJECT 




OBJECT 




OBJECT 
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Claims 



1. 



An ob,ect based d.str,Outed computer system compns.ng a network of workstations and means for 
transmmmg objects between workstat.ons characterised by ob,ects mcludmg a first ot:iect type for 
storing data ano a second obiect type for presenting data to a user, where.n obiects of the second type 
(V-c) reference an associated cb,ect of the first type (V-s) to enable a plurality of users of workstations 
to access data of -.ne otJiect jf the first type, comprising means for transmitting an obiect of the second 
•-ype (V-c) between workstations thereby to create a reference to the associated object of the fim type 
(V-s) for each workstation receiving an obiect of the second type. 

A system according to c!aim 1 comonsing means for copying an obiect of the second type (V-r) 
tetween workstations 



EP 0 497 022 A1 



A system acccrd.ng to ria,m I or riam 2 where.'n transmitted obiects o( the second type (V-cimcluce 
an laeniifier (60) for trie associated cjciect of the first type (V-s). 

A system according tc any preced.r^g claim ,n the form of a conferencing system comprising means 
enabling users of the workstations to participate m a meeting over the network wherem obiects cf the 
first type (V-s) store meeting data and otxects of the second type iV-c) are for presenting meeting data 

A method of convening a meeting using a system as claimed .n claim 4 comprising transmitting an 
obiect of the second lype (V-o between workstations thereby to create a reference to the associated 
ooiect of the firs; type fV-si for each workstation receiving an obiect of the second type. 
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